animal life emerged and micro-organisms played a crucial role in shaping animal development, 
evolved bacterial strains. Our study therefore identifies a specific mechanism by which a 27 symbiotic bacterium increases its benefit to its animal host and reveals that adaptation to the 28 host diet is a foremost step in the determination of the evolutionary course of symbiosis between 29 an animal and its gut microbes.
31

Text
32
To study the ecological and evolutionary forces shaping animal-microbe symbioses, we 33 experimentally tested microbial evolution using Drosophila melanogaster associated with one of its 34 most abundant symbionts, Lactobacillus plantarum, a well-established model of host-bacteria 35 symbiosis 9, 10 . As growth promotion during undernutrition is one of the major advantages conferred
36
by L. plantarum to its animal host 9,11 , we asked if and how a bacterium can increase its potential to 37 support animal growth while evolving with its host. To this end, we experimentally evolved 38 NIZO2877 (Lp NIZO2877 ), a strain of L. plantarum isolated from processed human food 12 , which was 39 previously shown to moderately promote growth both in Drosophila and mice 9,11 . We mono- promoting strain 13 (Fig. 1a,b) . These results show that the evolution of Lp NIZO2877 with its Drosophila 54 host leads to the rapid improvement of L. plantarum animal growth promotion (Extended Data Fig.   55 3).
56
To identify the genetic changes underlying the rapid microbial adaptation responsible for the 57 improved growth of the host, we sequenced the genomes of 11 evolved Lp NIZO2877 strains (Extended FlyG3.1.8) already showed a more statistically significant effect on Drosophila growth compared to 74 their ancestor (Fig. 1a,b) . Based on these observations, we propose that the novel appearance of the 75 ackA mutation is the first fundamental step in shaping the evolutionary trajectory in the L.
76
plantarum/Drosophila symbiosis model.
4
To fully establish that ackA mutation is responsible for the evolution of L. the Drosophila host is absent (Fig. 2c) . Therefore, the competitive advantage of L. plantarum isolates 99 bearing the ackA variant is likely independent of the animal host.
100
Intrigued by this result, we questioned whether the animal host has any influence on the experiments also showed an increase in their Drosophila growth promoting ability (Fig. 3a,b) . 
117
Among all of the metabolites differentially detected in the substrate (Extended Data Table 6 ), we 118 observed a significant and robust increase in the levels of N-acetyl-amino-acids in the diet processed 119 by the evolved strain (Fig. 4a) . Specifically, N-acetyl-glutamine is one of the most differentially 120 represented compounds between the two conditions. We therefore tested whether N-acetyl-glutamine 121 is sufficient to improve the animal growth promoting capacity of Lp NIZO2877 . Remarkably, we find 122 that, when N-acetyl-glutamine is added in a dose dependent manner in the diet, the ancestor strain selective pressure on ackA in our experimental settings, which led to the rapid de novo emergence of 147 different variants in the population (Fig. 2a) . As a consequence, the strong competitive advantage
148
given by these mutations led to their fixation (Fig. 2) . Indeed, the ackA mutations found in the 
Methods
237
Bacterial strains and culture conditions. The strains used in the present study are listed in Table   238 S1. All experimentally evolved strains were derived from L. plantarum NIZO2877 (kind gift from Prof. 
268
The experimental evolution of L. plantarum in Drosophila's nutritional medium (Diet) was designed 269 as follows: L. plantarum NIZO2877 (ancestor) was cultured to stationary phase (18h). The culture was 270 washed in sterile PBS and 3 µl (10 6 CFU) were added directly on 100 µl of poor nutrient GF diet
271
(bacterial load = 10 7 CFU/ml) (Fig. S7 ) and kept at 25°C. After four days (time necessary for the 272 microbial load to reach the same value found on the 15 pupae used for propagating the bacterial 273 population in the Niche adaptive evolution setup), the medium was crushed using the Precellys 24 274 tissue homogenizer (Bertin Technologies, France) and 0.75/1 mm glass beads in 500 µl of PBS using 275 glass beads and 10 µl of the crushed medium (10 5 CFU) were used to inoculate 100 µl of new poor 276 nutrient GF medium (10 6 CFU/ml). This protocol has been repeated 20 times.
277
Strain-specific PCR tests were performed to confirm the unique presence of L. plantarum
throughout both experimental evolution models as reported in Schwarzer et al. 11 . impact of the genetic variant. The score threshold used was set to -2.5.
341
L. plantarum genomic editing with CRISPR-Cas9.
342
Plasmid generation. The Cas9 targeting plasmid was assembled by first amplifying the pMSP3545 343 plasmid backbone (Extended Data Table 5 ) and the Cas9+tracrRNA from pCas9 with oligos oRL1-344 oRL4 (Extended Data Table 6 ). These PCR fragments were stitched together using Gibson assembly Figure 6b ).
355
The repair template plasmid was assembled by amplifying the Lp NIZO2877 ackA gene with oRL7-oRL8, 
